H azards to the reproductive health of workers and to the health of their unborn children have become prominent public health issues. Occupational exposures to physical agents such as heat and ionizing radiation, teratogenic viral infections such as cytomegalovirus and rubella, metals such as lead, and a number of organic solvents and pesticides can have detrimental effects on male and female reproduction as well as fetal development (Office of Technology Assessment Task Force [OTA], 1988) .
Reproductive hazards interfere with or prevent conception and include impotence and sterility in men as well as early menopause and infertility in women (Environmental Protection Agency, 1988) . Reproductive hazards are distinct from developmental hazards-namely, hazards that produce structural abnormalities, functional 40 ABOUT THE AUTHORS:
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deficits, pathologic alterations to growth, or death (Environmental Protection Agency, 1991) . Developmental hazards may be apparent at any time during development of the worker's child and include spontaneous abortion, congenital anomalies, fetal and infant intoxication, increased incidence of low birthweight infants, behavioral and developmental disturbances, genetic disease, and an increased risk of childhood malignancies. Table 1 includes definitions of common terms associated with reproductive and developmental hazards. According to some estimates, 20 million American workers are exposed to reproductive or developmental hazards every year. The National Institute for Occupational Safety and Health (NIOSH) ranked disorders of reproduction as one of the 10 leading work related diseases and injuries (NIOSH, 1985) . See Table 2 Concern over reproductive health has been sparked by the growing numbers of women entering the work force. In 1970, 40.8% of married women were employed outside the home; in 1988, that number had risen to 56.4% (U.S. Department of Commerce, Bureau of the Census, 1990 ). According to national projections, women will constitute nearly half of the American work force by the year 2000, with the majority still in their prime reproductive years. This increase in women workers will continue the trend of women assuming work tasks held previously by males. Because of more strenuous physical tasks and exposure to new technologies and chemicals, women's risk for exposure to reproductive hazards will continue to increase.
Another concern is, as more people of color enter the work force, their risk for hazardous exposures, including exposures to reproductive and developmental toxicants, may be unnecessarily high. Discriminatory hiring practices and employment in the most dangerous jobs and in occupations that receive the least pay and benefits may place this group of workers at increased risk (Graham, 1993) . Workers of color often have the least exposure to information about workplace hazards, do not have access to protective equipment, and may not have the option to leave a hazardous job for CE ART I C L E 
Common Terminology
Birth defect: Any structural, functional, or biochemical abnormality, whether genetically determined or induced during gestation, that is not due to injuries suffered during birth. Carcinogen/carcinogenesis: A substance or physical agent that causes cancer. Developmental abnormality: A structural or functional defect occurring during gestation.
Engineering controls: Methods of controlling worker exposure by modifying the source or reducing the amount of contaminants released into the workplace. Engineering controls include process design and modification, equipment design, enclosure and isolation, and ventilation. Exposure: The length of time and dose of chemical, biological, or physical agent to which a worker is subjected. Fetotoxin/fetotoxicity: An agent that adversely affects the fetus. Mutagen/mutagenesis: A substance that induces mutation; the induction of mutation in the genetic material. Reproductive toxin: An agent that interferes with reproductive or procreative functioning of the adult from puberty through adulthood. Teratogenlteratogenesis: An agent that interferes with embryonic or fetal development. A chemical or physical agent that causes physical defects in offspring. Toxinltoxicity: A chemical, physical, or biological agent that interrupts the normal function of a cell, tissue, organ, or organism. Source: OTA (1988) another that is less hazardous.
Unfortunately, there is insufficient scientific evidence to support suspected reproductive or developmental hazards associated with various work experiences for all types of workers. Information on suspected reproductive hazards is often derived from animal studies, and it is difficult to extrapolate those results to humans. With the exception of lead, mercury, some organic solvents and pesticides, ionizing radiation, and certain biological JANUARY 1995, VOL. 43, NO. 1 agents, evidence that links particular agents with reproductive and/or developmental effects in humans is inconclusive. Additionally, as much of the research has focused on white males, questions remain as to whether the effect of a suspected reproductive or developmental hazard would be different for a female or a person of color.
LEGAL AND ETHICAL ISSUES
Since passage of the Occupational Safety and Health Act, employers have an obligation to provide workers with a place of employment that is free of recognized hazards. One attempt to control exposure to recognized workplace hazards was to develop "fetal protection" policies. These policies excluded women from certain jobs thought to place an actual or potential fetus at risk. Other companies attempted to control exposures by requiring women workers to submit to surgical sterilization (Graham, 1993) . In 1991, the United States Supreme Court held, in International Union (UAW) vs Johnson Controls, Inc., that "fetal protection" policies constituted discrimination based on the worker's sex according to Title VII of the Civil Rights Act and its amendment, the Pregnancy Discrimination Act of 1978.
The ruling struck down Johnson Control's policy that banned fertile woman from working in certain areas of its lead battery plants. The importance of the Court's decision was that employers could not avoid their obligation to maintain acceptable workplace conditions by discriminating against women workers (Clauss, 1993) . However, this decision failed to address the issue of occupational exposure to reproductive or developmental hazards. Employers can no longer exclude women from jobs; women are now exposed to the same hazardous substances to which only men had been exposed previously.
Employers' fear of costly litigation because of damage to offspring of women workers exposed to toxicants initially prompted the "fetal protection" policies. A worker's child could not be covered under workers' compensation statutes. Thus, the employer was exposed to greater financial risk when developmental hazards were involved than with a reproductive haz-CE ART I C L E Giacoia (1992) ard. Reproductive injury was limited to recovery under the workers' compensation system, which often did not cover reproductive illness (Clauss, 1993) . Because the employer was protected from any lawsuit outside the workers' compensation system, adult workers experienced high toxic exposures, even when it would have been feasible to significantly reduce these exposure levels.
Exposure in Female
The decision reached in UAW vs Johnson Controls raised several concerns (Clauss, 1993) . First, employers could actively discourage women, but not men, from taking developmental risk jobs. Women can be counseled about the risk to their unborn child and forced to sign a statement that they assumed responsibility for exposure as a condition of employment. Once em-ployers have recognized that a hazard exists, they cannot abdicate responsibility by giving the employee the option of working under the hazardous condition or seeking other employment (Clauss, 1993) . Additionally, there is increased evidence that employers are refusing accommodations, including temporary transfers, disability leaves, or leaves without pay, to pregnant women who work with toxic substances; and contesting pregnant women's claims for unemployment insurance when the reason for resignation is that accommodations are not available.
Apparently, the Pregnancy Discrimination Act of 1978 and the decision in UAW vs Johnson Control, Inc. has been interpreted to mean that pregnant women cannot be prohibited from performing such work (Graham, 1993) . Finally, the entire debate surrounding fetal protection policies emphasizes the need to compensate employees for loss of reproductive and sexual function, as well as influence employers to remove the hazards that cause the losses. Generally, neither compensation guidelines nor elimination of hazards has occurred (Clauss, 1993) .
The decision in UAW vs Johnson Controls, Inc. was related more to equal employment rights for women rather than an abatement of reproductive and developmental hazards from lead exposure. Yet the decision again focused attention on the reproductive health of American workers. In the late 1970s, the massive sterilization of approximately 1,500 banana plantation workers in Costa Rica from exposure to the pesticide dibromochloropropane (DBCP) caused concern (Whorton, 1977) . Nevertheless, the U.S. based manufacturing company continued, until the 1980s, to sell DBCP to other developing countries (Thrupp, 1991) . Early in its development, scientists at the two chemical companies that manufactured DBCP reported its toxic reproductive effects to management. The pesticide should never have been marketed. The devastating outcome associated with DBCP reportedly was based on overriding profit interests of the manufacturer and plantation owners as well as their lack of ethical concern (Thrupp, 1991). Unfortunately, many decisions related to the reproductive health of American workers continue to be financially based, without ethical concern for the worker.
Ethical dilemmas arise when an action has a desirable as well as an undesirable consequence. Some view the central issue of reproductive hazards as the dilemma of a "good versus a good," ie, creating job opportunities for men and women while protecting their offspring (Reid, 1988 ). Yet the duty to protect offspring may conflict with the duty to permit workers latitude for job choice. Sources agree that the best solution is to eliminate or reduce hazardous exposures so that there is no risk. In other words, set occupational health and safety standards that are designed to protect workers' general and reproductive health, as well as implement the necessary engineering controls (Graham, 1993) . In areas where hazards have not been abated, an evaluation of policies related to job transfers, income protection, and temporary job restrictions should be conducted and improved to accommodate all men and women who want to have children. (Paul, 1988) . It is important to note that the identification of an agent as a suspected reproductive or developmental hazard hinges not only on its mechanism of action and evidence of harmful effects in animal and/or human data, but also on the level and type of exposure the agent presents to humans (OTA, 1988) .
Most available data only suggest that certain occupations or occupational exposures are associated with adverse effects on reproduction or fetal development. In some cases it is possible to identify the site and mechanism of toxicity. In most instances, however, the gaps in information are enormous. Reproductive hazards for workers can be grouped into four main categories: physical, chemical, biological, and stress. A brief discussion of work experiences and hazard exposures in each of the four categories follows.
Physical Hazards
Physical hazards include noise, excessive heat, ionizing and non-ionizing radiation, vibration, and materials handling, including strenuous physical labor. Ionizing radiation is the only physical hazard that is a known reproductive toxin. Ionizing radiation profoundly affects reproductive function in men and women as well as the developing embryo/fetus (Bernhardt, 1990) .At present, 1.32 million persons are exposed to ionizing radiation at work, with 44% employed in health care, 23% in manufacturing, 16% in government, and 11% in the nuclear fuel industry (OTA, 1988) . Exposure to high doses of ionizing radiation in males suppresses sperm production or causes abnormal sperm production. Exposure in females may create reproductive disorders or birth defects, mental retardation, childhood leukemia, and other cancers if exposure occurs after conception.
Few studies have examined the effects of other physical reproductive hazards on workers. High frequency electromagnetic radiation is a form of non-ionizing radiation widely used in health care (shortwave diathermy), industry (thermal plastic sealing and glue hardening), radar technology, and telecommunications. Findings reported by Danish researchers suggested female physiotherapists exposed to high levels of high frequency electromagnetic radiation were less likely to bear a male, and if they had a male child, he was at increased risk of having low birthweight (Larsen, 1991) . The altered gender ratio demonstrated a dose response pattern; in other words, as the exposure increased the likelihood of bearing a male decreased. It is important to view these findings with caution, however, because other related research has been inconclusive or even conflicting.
Another concern is the effect of video display terminals (VDTs) on reproductive health. This concern grew out of reported clusters of spontaneous abortions and birth defects among women using VDTs. Recent research, however, indicated no increased risk of pregnancy loss for women working with VDTs (Schnorr, 1991) .
Several studies from the 1970s suggested loud noise exposure in pregnancy increased the risk of hearing deficits in the child and contributed to CE ART I C L E 
Formaldehyde

Vinyl Halides
Polyvinyl chloride (PVC) Rubber (involves more than 500 chemicals: Acrylonitrile, aromatic amines, 1,3-butadiene, carbon black, chloroprene, epichlorohydrin, mineral oils, nitrosocompounds, styrene, vinyl chloride, and ethylene thiourea) Synthetic Hormones Sources: Bernhardt (1990) ; Giacoia (1992) ; OTA (1988) .
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OccupaffonalExpo5ure
Battery, smelter, foundry workers. Used by battery manufacturers, painters, typesetters, and stained glass artists. Used to manufacture paint, ink, ceramics, pottery, ammunition, and textiles. Used to manufacture electrical apparatus, mercury vapor lamps, paint, thermometers, and in mining. Welders. Used in betteries, pigments, paints, soldering liquids, semiconductors, photo cells, insecticides, and fungicides. Exposure during manufacture and application. Herbicide Broad spectrum insecticide Herbicide Pesticide Nematocide (banned) Herbicide Used as flame retardant for thermoplastic products (banned). Used as coolant fluid in electrical transformers and in manufacture of coatings and solvents (banned).
Used in manufacturing laboratory reagents and paint thinners.
Used in laundries, dry cleaning, and in manufacture of viscose rayon. Used in manufacturing antifreeze.
Medical, dental, and veterinary personnel. Used in manufacture of broad range of chemicals, including agricultural chemicals, coatings, adhesives, plasticizers, textile chemicals, and pharmaceuticals. Used as antiknock additive in leaded gasoline, as a pesticide, in manufacture of dyes and pharmaceuticals, and as solvent for resins, gums, and waxes. Used in production of ethylene glycol for antifreeze, polyester fibers and films, and detergents. Used in sterilizing health care products and as a fumigant in manufacture of medical products, foodstuffs, and in libraries and museums. Used in more than 60 industrial and laboratory applications such as manufacturing paper, particle board, plywood and foam insulation; tanning leather, textile processing; and as a biological preservative.
Used in manufacture of plastics and resins. Workers in tire industry, rubber footwear manufacturing.
Workers in pharmaceutical plants and in cattle industry. decreased birthweight. However, numerous methodologic concerns caused researchers to question the validity of the findings (Niemtzow, 1993) . A more recent Canadian study suggested that maternal exposure to low frequency noise increased the child's risk for high frequency hearing loss (Lalande, 1986) . No evidence suggests any male reproductive disorders due to noise exposure (OTA, 1988) .
Research on the effects of physical activity and reproductive hazards generally focuses on females or the unborn fetus. McDonald (1988) studied the effects of certain physical stressors on fetal death. Higher than expected ratios of spontaneous abortions were reported for operating room nurses, radiology technicians, and agricultural and horticultural workers. These higher ratios were associated with heavy lifting, other physical effort, and standing 8 or more hours per day. Elevated ratios for stillbirths were found in workers in sales, agriculture and horticulture, and leather manufacturing due to increased physical effort and exposure to high levels of vibration. Other studies also suggested heavy physical labor increased the risk for pre-term delivery and low birthweight. Methodologic concerns again bring into question the validity of the findings . Research on the effects of heat is inconclusive as well; however, some studies with firefighters suggest that core body temperatures could be elevated to the point that damage to an unborn fetus could occur .
Chemical Hazards
Chemical exposure is undoubtedly the most important reproductive hazard for workers. To date, over 60,000 chemicals are used by industry, few of which have been evaluated for possible JANUARY 1995, VOL. 43, NO.1
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ART I C L E reproductive effects. Of those studied, findings are in dispute for many, some have been evaluated in one sex only, and many have been studied in laboratory animals only. This gap in knowledge makes it difficult to estimate the human reproductive and developmental hazard, and nearly impossible to predict risk (OTA, 1988) . Another concern is that recommended exposure limits are based on an average worker rather than a hypersensitive individual or a pregnant worker (Bernhardt, 1990) . Further, the recommended limits do not consider workplace exposure of the worker who may become a parent, or the fetus whose size is a fraction of an adult. It is unclear if adverse reproductive outcomes can be prevented by limiting exposure at the recommended levels. NIOSH identified the following chemicals as reproductive hazards: 1,3-butadiene, carbaryl, carbon disulfide, chloroprene, dinitrotoluene, epichlorohydrin, ethylene oxide (EtO), ethylene thiourea, glycidyl ethers, glycol ethers, monohalomethanes, and polychlorinated biphenyles (PCBs). OSHA regulates only a few chemicals on the basis of their reproductive toxicity: DBCP, lead, ethylene oxide, and glycol ethers. The lack of OSHA regulation is due in part to the complicated rule making process.
Although present knowledge is incomplete, interest about the effect of workplace chemical hazards on reproductive function has focused on metals, agricultural chemicals, PCBs, organic solvents, anesthetic agents, epichlorohydrin, ethylene dibromide (EBD), ethylene oxide, formaldehyde, rubber, vinyl halides, and hormones (OTA, 1988) . Table 3 lists these chemicals and types of exposed workers or processes in which the chemicals are used. Review of the existing data sug-gests that there is cause for concern for the reproductive health of workers who experience regular or sustained exposure to the chemicals.
Generally, a worker is exposed to multiple chemicals, making it difficult to evaluate the reproductive toxicity of a single chemical. Further, occupational exposure also may include such confounding exposures as heat, vibration, or dust. It is therefore difficult to attribute specific observed toxic effects in a workplace study to any single hazard, and difficult to define interactions that may increase or diminish the reproductive toxicity of any single agent (OTA, 1988) . The reader is referred to the many excellent resources that provide summaries of the toxic or potential toxic effects of chemical exposure (Bernhardt, 1990; Giacoia, 1992; McDiarmid, 1991; OTA, 1988) .
Biological Hazards
Biological agents, or agents of infectious disease, are a potential reproductive hazard to workers in health care occupations, either through direct patient contact, laboratory exposure to infective material, or exposure to materials on infected individuals. Exposure to the viruses rubella, cytomegalovirus, herpes simplex, hepatitis B, and human immunodeficiency is of concern, as is exposure to such infectious agents as syphilis, toxoplasmosis, and varicella (OTA, 1988) . Non-health care workers whose jobs involve contact with animals or animal products, refuse collection, and ground breaking or earth moving, along with social workers who travel into areas with endemic disease, are also at risk of exposure to biological agents. may identify a lack of knowledge about reproductive hazards in pregnant workers and may need to clarify any misunderstandings. Further, the occupational health nurse needs to be aware of informational resources that can aid in managing work related reproductive and developmental hazards. Table 4 lists selected national resources. The occupational health nurse can also contact the nearest NIOSH sponsored, university affiliated educational resource center or regional OSHA office for additional assistance. Knowledge of potential workplace reproductive hazards allows the occupational health nurse to provide education and counseling to working men and women in their childbearing years. This counseling will help enable the worker to make an informed decision about the potential reproductive hazards present in the workplace. A reproductive health history and risk assessment should be part of every physical assessment conducted by the occupational health nurse. The assessment should include a detailed occupational history as well as possible environ-work, on workers' reproductive health.
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IMPLICATIONS FOR THE OCCUPATIONAL HEALTH NURSE
The occupational health nurse has the difficult task of advising workers about continuing work in an environment that may be considered safe with regard to reproductive and developmental health, but in which there are many unknowns. Even in the safest environment, an estimated 5% of babies will have some type of malformation. To counsel pregnant workers, and those considering becoming pregnant or fathering a child, the occupational health nurse must have general information about reproductive and developmental toxicants and indepth knowledge of those present in one's workplace.
The expanded OSHA Hazard Communication Standard of 1988 requires that employers inform workers of any hazardous substances present in the workplace, label the substance, and educate workers about their use. However, the occupational health nurse
OccupaHonalSuess
Occupational stress refers to an environmental condition, the worker's response to that condition, or a relationship between the environmental demands and a worker's ability to meet those demands. Occupational stress is influenced by the posture or position workers assume when performing jobs, work with machinery, physical exertion, mental stress, characteristics of the worker, and environmental factors such as extreme temperatures and noise (OTA, 1988) . In addition to imposing physical stressors, workplace activities may lead to psychological stress.
Shift work patterns, especially rotating shifts and night shift work, create physical and psychological stress for the worker, both thought to be sources of worker infertility. However, additional research is needed (OTA, 1988) . Disruption of the circadian rhythms contributes to fatigue and sleep disorders. When the adverse effects of shift work are added to workers' needs to balance job responsibilities, child care, and family/home responsibilities, there is little wonder this group of workers is at increased risk of exposure to reproductive hazards. If a couple works opposite shifts, there may be little time or desire for sexual relations. McDonald (1988) reported a strong correlation between rotating shifts and low birthweights as well as pre-term births. The combination of strenuous physical activities, fatigue, sleep deficits, and mental stress may exceed the pregnant shift worker's ability to cope (Scott, 1990) . Stress associated with shift work may be more of a reproductive toxicant than originally believed. More research is needed to ascertain the effects of occupational stress, particularly from shift CE ART I C L E mental exposures and hobbies. Information obtained in this assessment will enable the occupational health nurse to invite workers to participate in preconception counseling to identify and evaluate their potential risks. Table  5 provides an outline of the content a worker history should include. An example of a questionnaire is included in the OTA publication (1988).
In the event of exposure to a known or suspected developmental toxin during pregnancy, the occupational health nurse will need to discuss the potential problems associated with the exposure and the potential harm to the fetus. For any education or counseling, the occupational health nurse JANUARY 1995, VOL. 43, NO. 1 needs to take into account the worker's educational level, literacy, language differences, and sensory requirements. Further, with the worker's consent, the occupational health nurse can make information about any occupational reproductive and developmental hazard risk available to the worker's personal health care provider (Bernhardt, 1990) . The following information should be included: the physical, chemical, and biological hazards to which the worker has been exposed, the exposure level, the route of absorption, the toxicity of the substance, and detailed information on the company's medical surveillance program.
Because the fetus is most vulnera-ble to damage in the first 12 weeks of conception, the female worker should be encouraged to report her pregnancy as soon as she is aware. However, this raises concerns about job security because many pregnant workers fear they will be terminated if there are staff reductions. Consequently, the occupational health nurse needs to verify that workers know the company policy related to maternity leave and temporary reassignment if the worker is unable to perform her usual job responsibilities.
The American Medical Association Council on Scientific Affairs (1984) published guidelines for continuation of various job tasks during pregnancy which may help in counseling the pregnant worker about specific job activities. Each pregnancy must be evaluated individually with the understanding that certain conditions place a woman at higher risk for complications; hence, recommendations from her health care provider may vary from the guidelines.
The occupational health nurse also must counsel the pregnant worker on non-occupational issues that affect reproductive health. Alcohol poses a great risk to the fetus. Workers should be advised to avoid or reduce alcohol use to a minimal level before conception and during pregnancy. Cigarette smoking is known to cause decreased birthweight, so the worker may need assistance in joining a smoking cessation program. It is important that the occupational health nurse check with the worker's health care provider before a nicotine patch is prescribed. Few prescription or over the counter drugs have been approved for use by pregnant women. The best advice is to avoid all drugs unless specifically verified with the health care provider.
In addition, the worker may re-quire instruction on exercise and nutrition during pregnancy and lactation. The occupational health nurse may need to assist the pregnant worker in planning healthy food choices while at work. This may be especially pertinent for pregnant shift workers. The worker also may need instruction on back strengthening exercises and provision of a place to rest and elevate her legs during the work shift. Ultimately, by assisting with the total health and welfare of the pregnant worker, the occupational health nurse can help maintain worker productivity throughout the pregnancy, as well assure a positive outcome for the pregnancy. Both are cost effective goals and in the best interest of the company.
SUMMARY
Helping workers understand their risk of reproductive and developmental hazard exposure can be demanding for the occupational health nurse. The lack of conclusive information about most suspected hazards, as well as concern over job security and advancement, make this issue doubly challenging. Further research is needed to verify or rule out the suspected toxic effects of a hazard. The occupational health nurse must make every effort to keep abreast of new research findings and federal or state requirements related to reproductive hazards.
The key to promoting the reproductive health of American workers is primary prevention (Bernhardt, 1990) . Educating and counseling workers about reproductive hazards so that they can make informed
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ART I C L E decisions about their reproductive health, along with implementing engineering controls or ergonomic changes to reduce the risk of exposure, should be the goal of all occupational health programs.
